Abstract Cerebrospinal fluid (CSF) leakages of the temporal bone may arise during mastoid surgery. The leakages can have multiple potential etiologies, for instance, using a cutting burr near the bony tegmen or monopolar electrocautery on the surface of the dura mater. In this paper, we introduced an effective and simple technique for the management of CSF leakages of the temporal bone. In a prospective case series, 36 patients (16 males and 20 females) who have had an experience of incidental or inevitable CSF otorrhea or otorhinorrhea during temporal bone surgery were selected. All patients were treated using a muscle graft in a dumbbell-shaped design through the dura defect at the Amir-Alam University Hospital between April 2005 and November 2008. The mean size of the defects was 5 mm (a range of 2-10 mm). A dumbbellshaped autologous muscle graft was immediately successful in sealing the leakage in all patients. Only five patients (13.8%) had some evidence of leakage remaining on the day after the operation, which was subsequently resolved by conservative management in four of them (11.1%). Only one patient (2.7%) was subjected to a second operation for a new defect. Recurrence of CSF leakage or other related complications were not observed during about 7 years of follow up. A free autologous muscle graft, using the dumbbell technique through a small to moderate dura defect is an effective, easily performed, and safe method to seal iatrogenic leakages of the temporal bone.
Introduction
Cerebrospinal fluid (CSF) leakage of the temporal bone poses certain diagnostic and management challenges, and requires meticulous and well-timed intervention. The leakage occurs when the barriers of the CSF around the brain are breached [1] . CSF leakage can be categorized into traumatic (including iatrogenic injuries), non-traumatic, and spontaneous. CSF leakages of the temporal origin most commonly occur as a result of trauma and iatrogenic injury [2] [3] [4] . Other etiologies include congenital malformations, infectious diseases, cholesteatomas, and neoplastic invasion of the skull base [5, 6] .
Even the most skillful surgeon can experience an incidence of CSF leakage while carrying out different types of surgery on the complex skull base. Iatrogenic CSF leakages occur most frequently, secondary to either functional endoscopic sinus surgery (FESS) or neurosurgical procedures [7] .
CSF leakage can also arise iatrogenically as a complication of mastoid surgery. The use of cutting burr or diamond burr close to the bony tegmen and monopolar electrocautery on the surface of the dura mater and the absence of preoperative CT scans to visualize a thinned temporal bone may result in injury leading to CSF leakage [8] .
Prevention and repair of CSF leakages are challenging. Irrespective of the cause, surgical intervention is strongly recommended to manage CSF leakage. The skull base is a crowded and complex area, and it is always challenging for a surgeon to manage and seal a leakage in such a critical spot. The management of a leakage often requires a lot of skill since routine methods such as suturing is not possible in such a small narrow and complex field. There are different techniques available for dural repair, however the success rate varies among the previous published studies and a standard closure method has not yet been established.
This study presents a simple and efficacious method for managing small to moderate (up to 10 mm) dural defects that occur during surgery on the base of the skull. A free muscle graft is employed in a sand clock (dumbbell shaped) fashion through the defect. This procedure makes it feasible for the surgeon to close the defect and stop the leakage, even in anatomically difficult areas such as those commonly found while working on the base of the skull.
Materials and Methods
In a prospective study, patients who had experienced an incidental or inevitable cerebrospinal fluid otorrhea or otorhinorrhea during temporal bone surgery were treated at
Surgical Technique
The senior author (M.KH.A.) managed all patients. The patients were subjected to different surgical approaches based on their primary condition. Dural defect and CSF leakage were detected during the procedure. After localization and adequate exposure of the defect, a free muscular graft was harvested from temporalis or sternocleidomastoid muscle by sharp dissection. The largest diameter of muscle graft should be twice the width of the defect. Under microscopic guidance, 80-90% of muscle mass was inserted gently into the defect site using forceps and there after pulled out. The muscular graft was fashioned in a dumbbell-shaped design to plug the dural defect ( Fig. 1) . At the end of the procedure, a perfect closure of the dura mater was confirmed with valsalva maneuver. Meticulous multilayered soft tissue closure was performed in the standard way. A mastoid pressure dressing was placed after surgery and removed on the 2 days after operation. Postoperative lumbar drainage was not used routinely. The patients were closely monitored on days 1-7 during the period of their stay in the hospital and later on day 30. After this, they were visited every 2 months. Symptoms and signs contributing to CSF leakage (otorrhea, rhinorrhea, wound leakage, and flap bulging) or meningitis (fever, headache, and stiffness of neck) were taken into consideration. Success was defined as lack of these signs and symptoms and an aerated middle ear during physical examination. The mean follow up value was 44 months (ranging from 3 to 85 months).
Results
In our study, the autologous single layer muscle graft closure was utilized in 36 consecutive patients undergoing different middle cranial and skull base surgery for various primary causes (Table 1 ).
There were twenty female patients and sixteen male patients. The mean age of the patients was 48 years (ranging from 20 to 60). The type of primary surgical intervention and location of the defects are listed in Table 1 . The mean size of the defects (in greater diameter) was 5 mm (ranging from 2 to 10 mm). In the operative field, an autologous muscle from a different source (SCM muscle or temporalis muscle), in a dumbbell fashion sealed the leakage in all cases successfully.
During the 1 week of hospitalization, in case of any evidence of CSF leakage, conservative management, including strict bed rest, 30°head-up positioning, avoidance of straining and nose blowing, and administration of acetazolamid, antiemetics, and stool softeners was enforced for 1 week. CSF diversion via lumbar drainage was indicated as a secondary step for cases that were refractory to primary conservative treatment for more than 1 week.
Thirty-one of the 36 patients (86%) appeared to have been cured by this technique and showed no evidence of further leakage during the remaining period of hospitalization as well as the follow up period. Five patients (13.8%) showed some evidence of continued post-operative leakage. CSF leakage in three out of five of these patients (8.3%) was subsequently resolved after a 1-week trial of conservative management without lumbar puncture. The remaining two patients (5.5%) had both undergone glomusjugularis surgery. One patient had persistent CSF leakage for 10 days without any response to conservative management and lumbar puncture. Therefore, the site of the operation was re-explored after taking a high resolution CT scan. A second 3 mm defect was found in the posterior fossa region while the previous defect about 8 mm in the jugular foramen area appeared to have been sealed. The new defect was successfully repaired with muscle graft like the first one. The second patient with a primary size defect of 6 mm experienced CSF leakage for 1 week despite conservative management. However, after two lumbar punctures, the leakage was resolved. Post-operative meningitis or other related complications were not detected.
Following an average of 44 months of close follow up (ranging from 3 to 85 months), there was no evidence of encephalocele or CSF leakage recurrence in any patient. No patient developed meningitis in the postoperative period.
Discussion
CSF leakage occurs relatively frequently after skull base surgery. The rate of CSF leakage ranges between 3.3 and 20% depending on the surgical approach employed [9] . The most significant complication of CSF leakage is meningitis [4] . Without intervention, the risk of developing meningitis is estimated to be 10% annually and 40% in the long term [10] . Surgical intervention remains the panacea for managing iatrogenic CSF leakages [11] .
Numerous techniques are available for dural reconstruction including watertight and interrupted dural suturing, dural closure with autologous or allogenic materials. Autologous materials, such as temporalis fascia, temporalis muscle, fascia lata, cortical bone, cartilage and fat are widely available. Bone plate mixed with fibrin glue has been reported to be an effective graft. A range of synthetic materials is also commercially available [1] . Multilayer repair with autologous or allogenic materials may provide optimum results [4] ; however, there is no consensus in the literature and a standard closure method is yet to be entrenched.
Marchioni et al. [5] have proposed the use of different materials depending on the size of the defect. Single layer technique with the use of a Duragen graft (Integra, Plainsboro, NJ, USA) or temporal fascia graft for most cases and addition of a piece of cortical mastoid graft as a second layer in extremely large defects proved to be adequate and effective.
Savva et al. [12] have reported that the principal factor in successful surgical management is the multilayer technique. In their study, various graft materials were used to seal the dural defect. In most cases, a free muscle graft with fascia lata was employed. According to other studies [13] , small pieces of muscle graft can be used to reinforce any small dural defects to ensure a watertight closure.
According to a study conducted by Gonen et al. [14] , posterior pedicle's strip of the temporal muscle can be used as the main sealing tissue in most cases and rigid fixation with additional bone graft may be necessary only in selected cases in which the ossicles are exposed or if the defect is large ([1 cm in diameter) .
In the current study, we successfully used a single layer free muscle graft technique to seal intraoperative CSF leakage, which had occurred during different skull base surgeries focused on the temporal bone. Our success rate was about 94% in the immediate postoperative period (including the three patients who responded to the oneweek trial of conservative management but no lumbar puncture). Although previous studies align with multilayer approach, as opposed to single layer repair as an effective method in controlling CSF leakages, however optimal multilayer graft placement is challenging given the narrow surgical corridor especially when combined with dynamic (non-fixed) temporal lobe retraction [15, 16] . In addition, even multilayer techniques that incorporate solid and/or semisolid materials have not always achieved a watertight sealing [17] .
In our study, we used temporalis muscle as an autologous free graft. Autologous materials are optimal dural graft substrate that remain inert and do not precipitate immunological or inflammatory reactions. They are nontoxic, rapidly integrated into native tissues, flexible, strong, easily suturable, and inexpensive [18] . Thus, there is no concern regarding tissue reactions or infection from foreign materials such as artificial dura.
Park et al. [19] have presented a watertight dural closure technique with the addition of muscle pieces in a ''plugging'' fashion. Similar to our series, the cross-section of the muscle pieces used was dumbbell shaped. However, contrary to our study, in their study dura mater was first closed with interrupted stitches, and then the muscle pieces inserted into the space between the stitches were sutured to the duramater. Tissue sealant was also used for fixation of the muscle patch. Suturing and tissue sealant may have contributed to the sealing effect.
Although simply sewing or patching over CSF leakages is possible, the long-term results are poor [12] . The procedure for suturing is time consuming, even for experienced surgeons [16] ; and even watertight suturing of dura mater may result in CSF leakage, possibly because of the piercing of the needle through the dura mater [19] . Conventional stitching is difficult in the skull base region. Tissue sealants increase the costs of surgical treatment and are not universally available [16] . We used no tissue sealant or dura suturing and achieved a good surgical result.
Sweeney et al. [15] have recently presented a ''pullthrough'' method for middle fossa floor reconstruction. A composite autologous graft made up of layering fascia, bone and/or cartilage and dural substitute was positioned through the defect and guided by traction on the suture tail that was made to pass through all layers. In other words, the suture is pulled through the defect to help advance and center the graft.
In comparison, we only used a single layer free autologous muscle graft. Theoretical advantages include decreased operative time (because graft harvesting is achieved throughout a simple technique and assembled ex situ), a reduced learning curve for CSF leakage repair, and improved confidence in graft placement. This approach can provide an adequate seal that can withstand CSF pressure during the healing period. Without using any artificial grafts, abdominal fat graft and lumbar CSF diversion, this method is considerably more suitable and successful for intraoperative CSF leakages.
The high success rate of the described closure method relies on the special technique of placing the muscle intra and extradurally in a dumbbell-shaped manner. In our series, the dura defect was in close proximity to the bone margins, and the muscle piece sealed the defect as effectively as a ''champagne cork''. The intradural part of the graft was supported against the cranial side of the skull base by the ICP. In the process of using a dumbbell shaped muscle graft, the part of the muscle piece inside the dura makes any outward flow of CSF practically impossible [19] .
In our proposed method, CSF pressure on the intradural portion of the muscle resulted in a more effective sealing. Intraoperative or postoperative lumbar drainage was not used because CSF pressure reinforced the placement of the muscle graft. The gravitational pressures reinforced the dumbbell shaped graft placement with lower risk of graft migration.
Based on the innovative technique employed in this study, no other similar studies can be compared to such a method. Our series is the first to focus on primary intraoperative repair of iatrogenic CSF otorrhea using ''dumbbell technique'' single layer free autologus muscle graft.
In retrospect, there are several limitations of our study. First and foremost, the small to moderate size of the dural defects in our series (mean diameter of 5 mm) probably affected the surgical outcomes. We can argue and justify that our technique of single layer muscle graft is an appropriate management for small to moderate dural defects.
In addition, our series constitute a heterogeneous group of patients with uneven distribution in their primary etiology that necessitated surgical intervention. Ultimately, it would have been ideal to have a randomized controlled trial in order to compare our technique to other reconstruction techniques.
It is under consideration that the follow up period for this study be extended. It should be noted however, that to this date, December 2015, none of the patients returned due to relapse or a recurrence of CSF leakage. Rao et al. reported a case from their patient series in which a recurrence of CSF otorrhea developed 8 years after transmastoid repair with only fascia and fibrin glue. This patient, however, experienced spontaneous CSF leakage, the recurrence of which may be triggered by persistent baseline pathology causing progressive erosion of the thin tegment [20] .
Conclusion
In selecting an intraoperative approach to CSF leakage of the temporal bone, we believe that a single layer free autologus muscle graft, using the dumbbell technique through a small to moderate dura defect, is an effective, easily applied, and safe method to seal iatrogenic leakage during temporal bone surgery. This approach compares favorably with other techniques including multilayer grafting with autologous or allogenic materials. To date, there have been no postoperative CSF leakages or episodes of meningitis in any of the patients selected for this study.
